Abstract
Introduction

28
With the second highest tidal range in the world, the Bristol Channel and Severn Estuary, located in the southwest of 29 the UK, is regarded as an ideal site for potential extraction of tidal energy. Amongst a number of design locations for a 30 tidal barrage scheme, the Severn Barrage proposed between Cardiff in Wales and Weston in South West England is the 31 most studied scheme, with Fig. 1 showing the location of the project site.
32
Tidal barrages in the Severn Estuary have been studied for nearly a century, but particularly in detail over the past 30 33 years. It has previously been normal practice that the numerical models used to study a barrage impact are first 34 calibrated to reproduce the natural tidal regime (without any structures) and then re-run with the structures in place to 35 study the impact of the structure by comparing the model results (Prandle, 1980; Garrett and Greenberg, 1977 domain beyond the edge of the continental shelf. Since the water depth beyond the continental shelf is much larger than 63 that on the shelf, the outgoing waves from the shelf towards the deep ocean will tend to be reflected back on to the shelf 64 (with a 180° phase shift) rather than being transmitted due to the sudden changes of water depth. This reflection 65 explains why large tides occur when the continental shelf is a quarter wave-length from the land, as exactly the same 66 resonant condition takes place for waves reflected off a rapid change in water depth as happens at the edge of the 67 continental shelf. This is the principal cause of the large tides in the Bristol Channel (Owen, 1980) . Hence in order to 68 accurately assess the impacts of the tidal barrage, the open boundaries of the model need to be extended to beyond the 69 edge of the continental shelf to capture the change to this resonance due to the inclusion of a tidal barrage. Whilst 
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In this paper, the EFDC_B model (Zhou et al., 2014) i.e. the modified EFDC model with the barrage module, was used 
111
In this study, the main aim has been to assess numerically the impact of the proposed Severn Barrage on the near-field 
127
For the original Severn Barrage Severn Tidal Power Group (STPG) study (1989), the turbine diameter was proposed to 128 be 9 m, and the mean flow-through area of each turbine, i.e. A, was 63.6 m 2 . The formula for computing the generation
129
power P was expressed as:
where  is the specific density of sea water; and Q is the discharge across the turbines;  is the efficiency coefficient 132 of the turbines and g is gravitational acceleration. In the current study, both the discharge coefficient 
, where T is the ramping period, set to 10 minutes in the 140 present study based on the typical opening times cited in the literature for commercial turbines, and t is time. When the 141 turbine valves (or sluice gates) start to open, t=0 and f=0, and when they are fully opened, t=T and f=1. Likewise, when 142 these hydraulic structures need closing, the ramp function is changed into a half cosine function giving: Fig. 1 (indicated by circles) . The tidal stream was reconstructed for 6 hours at either location W is presented here. Fig. 3 shows comparisons of the computed tidal current speeds and directions from the CS and IS models against the tidal stream reconstructed from the Admiralty Charts. Once again the comparisons show good 233 agreement between the model predictions and the chart data. 
Effects of the open boundary
247
After validating both the CS and IS models, the effects of the open boundary on both the far-field and near-field 248 hydrodynamics were examined, mainly in terms of the maximum water levels and tidal currents, from the IS model. 10 were obtained from C1. Fig. 7 shows that the maximum water levels at these three points are similar just below 2 m,
292
but the water level differences are found to exhibit different patterns. At P1, which is located at the northern part of the 293 western open boundary of the IS model, the water level differences are very small, being typically less than 1 cm over 4 294 tidal cycles. A similar pattern can also be seen at P3, which is located at the southern open boundary of the IS model.
295
However, at P2, which is located at the southern part of the western open boundary of the IS model, the differences are 296 considerably greater than those at P1 and P3. Within a tidal cycle, the maximum water level differences occur shortly 297 after the mean water level during both the flood and ebb phases, but do not coincide with the high water levels. It can 298 also be found that the water level differences vary in high frequency, similar to M4 tides. The results indicate that the reflected tidal waves from the barrage can propagate over a very long distance in the area, and the open boundaries normal to the tidal wave propagating path can be significantly affected (at P2), while the impacts at the other locations mean water level during the flood phase for each tidal cycle, unlike the results shown in Fig. 7 for P2, at the peak tidal 317 levels, the water level will further increase due to the tidal barrage. Therefore, the overall impact of the barrage on the 318 peak water level can be significant, particularly at P5, which is also illustrated in Fig. 4 . However, due to the negligible conditions. This study also provides practical techniques for refined model developments to quantify these effects.
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